We recently found a very interesting stacked structure for bis [1-cyano-9-(ethoxycarbonyl)thieno [3,4-b]indolizin-3-yl] disulfides (See B in Fig. 1 ), which were formed via the debenzylation of ethyl 3-benzylthio-1-cyanothieno [3,4-b]indolizine-9-carboxylates followed by the air oxidation of the resulting thieno [3,4-b]indolizine-3-thiols.
pected products under ordinary conditions. However, under more prolonged reaction time at 80°C, only products 5c, f were obtained in 38 and 30% yields, respectively. In contrast, the reaction of 1a-f with a,aЈ-dichloro-p-xylene smoothly proceeded at the same temperature providing the expected products 5g-l in 39-78% yields. These results are summarized in Charts 2 and 3.
Elemental analyses of products 4a-r and 5c, f-l were in good accord with our proposed structures and their IR spectra showed the characteristic cyano (2202-2216 cm Ϫ1 ) and/or ester carbonyl band(s) (near 1670 and/or 1715 cm
Ϫ1
). For the structures of these compounds, 1 H-NMR spectra of products 4a-r and 5c, f-l afforded two important informations: The first was the presence of the superimposed proton signals due to the two indolizine nuclei and the S-methylene group in the molecule, which suggested the presence of a factor of symmetry. The second was that the shielding effect for the pyridine protons anticipated for the stacked structure was not observed at all. For example, the 1 H-NMR spectrum of 4a exhibited only a set of the 4 skeletal proton signals at d 7.06 (2H, br t, Jϭ7.0 Hz, 6-, 6Ј-H), 7.43 (2H, br dd, Jϭ7.0, 9.0 Hz, 7-, 7Ј-H), 7.75 (2H, br d, Jϭ9.0 Hz, 8-, 8Ј-H), and 9.60 (2H, d, Jϭ7.0 Hz, 5-, 5Ј-H) and a singlet proton signal at d 3.52 (4H, 2ϫSCH 2 ), together with ethoxycarbonyl sig-nals at d 1.43 (6H, t, Jϭ7.0 Hz, 2ϫOCH 2 CH 3 ) and 4.43 (4H, q, Jϭ7.0 Hz, 2ϫOCH 2 CH 3 ). Any other signal for two different types of indolizine rings in this molecule could not be observed. These chemical shifts due to the indolizine moiety in compounds 4a were very similar to those of the starting material 1a. 5) Similar relations for the chemical shifts between the remaining products 4b-r and 5c, f-l and the S-protected indolizines 1a-f were also observed. Interestingly, the nuclear Overhauser and exchange spectroscopy (NOESY) spectra of compounds 5c, f bearing a o-phenylene moiety showed a weak correlation between the ester methyl and the 6-and 8-methyl groups (5c) or the 6-methyl group (5f), indicating the proximity of the two indolizine rings in the molecule. In the UV spectra for products 4b-r and 5c, f-l, furthermore, any absorption band suggesting the through-space interaction between the two indolizine ring could not be detected. From these spectral data and the considerations for their steric factors we presumed that these products except 5c, f may take a conformation in which the two indolizine rings are as remote as possible. In order to confirm this inference, we carried out X-ray analyses for compounds 4d and 5c and compared their structures with those derived from MOPAC AM1 calculations.
6) The PLUTO drawings 7) and the optimized structures of 4d and 5c are shown in Figs. 2 and 3, respectively. As expected, the ORTEP drawing and the optimized structure for 4d were similar to each other, and the former had a center of symmetry. On the other hand, the observed structure of 5c was distinctly differ-ent from the calculated one. In the solid structure of 5c the two indolizine rings are much closer than those exhibited by AM1 calculation, though this approach might be still insufficient to overlap them. This fact indicates that the decrease or the loss of the eclipsed conformation of the methylene sequence in the spacer may promote largely an attractive interaction between two indolizine nuclei.
In conclusion, we prepared new compounds possessing two indolizine nuclei combined with various spacers and investigated their conformations. Most of the compounds had sterically favored structures, the two indolizine nuclei being as remote as possible, but those with the o-phenylene moiety in the spacer showed a considerable affinity between the two indolizine rings.
Experimental
Melting points were measured with a Yanagimoto micromelting point apparatus and are not corrected. Microanalyses were carried out on a PerkinElmer 2400 elemental analyzer. The 1 H-NMR spectra were determined with a Hitachi R-600 spectrometer (60 MHz) or JEOL JNM-LA400 ( 5, 8) was treated with potassium tert-butoxide (0.168 g, 1.5 mmol) in a water bath at 80°C for 10 min, ethyl acrylate generated was completely removed under reduced pressure. The resulting potassium indolizine-2-thiolate (2) was then treated with the half equivalent of 1,w-dihalides such as 1,2-diiodoethane (3a), 1,3-dibromopropane (3b), 1.4-dibromobutane (3c), a,aЈ-dichloro-o-xylene (3d), or a,aЈ-dichloro-p-xylene (3e) under the reaction conditions shown in Charts 1-3. After the reaction was completed, the reaction mixture was acidified with diluted hydrochloric acid (15 ml) and the oily material separated was extracted twice with 30 ml of chloroform. The chloroform solutions were combined, dried over anhydrous sodium sulfate and concentrated at reduced pressure. The residue was separated by column chromatography on alumina using ether and then chloroform. The chloroform solution was concentrated under reduced pressure. Recrystallization of the crude products from chloroform-hexane gave the corresponding bissulfides (4a-r, 5c, f, g-l) as colorless crystals.
However, the reactions of 2a, b, d, e with 3d did not provide the corresponding bissulfides 5a, b, d, e under these reaction conditions, and only 2-indorizinethiol derivatives were isolated.
Selected data for these products 4a-r, and 5c, f, g-l are as follows: 6 .77 (2H, br s), 6.9-7.1 (4H, m), 9.16 (2H, br s). In this NOESY spectrum a weak correlation between the ester methyl group at
